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Abstract. A high number of premature mortality due to tobacco use has increased worldwide. Despite control policies 
being implemented to reduce premature mortality, the rate of smoking prevalence is still high. Moreover, tobacco 
issues become increasingly difficult since many aspects need to be considered simultaneously. Thus, the purpose of 
this paper is to present an overview of existing modelling studies on tobacco control system. The background section 
describes the tobacco issues and its current trends. These models have been categorised according to their modelling 
approaches either individual or integrated approaches. Next, a framework of modelling approaches based on the 
integration of multi-criteria decision making, system dynamics and nonlinear programming is proposed, expected to 
reduce the smoking prevalence. This framework provides guideline for modelling the interaction between smoking 
behaviour and its impacts, tobacco control policies and the effectiveness of each strategy in healthcare.   
INTRODUCTION 
Tobacco use has become a controversial topic in recent years. It all began with the tremendous increase in the 
number of premature mortality and morbidity worldwide due to smoking-related diseases [1]. The escalating 
number of premature mortality due to smoking-related diseases has caused seven people to die in every minute 
[2]. It is estimated that smoking-related diseases will be the most important cause of death worldwide by the year 
2020 [1], [3], [4], [5] and [6]. Worst of all, it is projected that the smoking-related mortality will increase 
tremendously to more than 100 million deaths towards 2030 [1]. Despite the various tobacco control strategies 
implemented, smoking-related diseases are still leading as the most preventable cause of death. The higher rate of 
these diseases have negatively affected societies because this will contribute to premature mortality besides 
increasing health care spending. Moreover, this issue becomes more important since many interrelated aspects 
need to be viewed simultaneously. Therefore, this situation demands decision makers to have a comprehensive 
understanding of the tobacco control system in order to assess the effectiveness of tobacco control policies.      
Researchers need to find the best strategies using various approaches to evaluate the effectiveness of each 
strategy. A great deal of research has been done to gauge the effectiveness of tobacco control strategies 
implemented using appropriate individual approaches such as statistical analysis, mathematical modelling, in-
depth interviews and survey [7], [8]. Instead of using individual approaches, an alternative way is by using 
integrated approaches to obtain the more effective tobacco control strategies with the aim to reduce smoking. 
Therefore, the aim of this paper is to present an overview of existing modelling studies on tobacco control system 
towards an endgame of tobacco.  
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The next section discusses the literature on various tobacco issues. The models are categorized according to 
individual and integrated approaches. Next, a framework is proposed as a guideline for evaluating the effectiveness 
of tobacco control policies. The proposed framework uses the integration of multi-criteria decision making, system 
dynamics and nonlinear programming expected to obtain the most effective tobacco control strategy with the aim 
to reduce  smoking. This framework provides the interaction between smokers’ population, initiation factors, 
impact of smoking and tobacco control policies. It may be used as a framework for other complex issues in 
healthcare. Finally, the conclusion and future works are presented. 
REVIEW OF LITERATURE 
In this paper, the review of tobacco related literature is grouped into two approaches: individual and integrated 
approaches.  
Individual Approaches 
The review of individual approach is divided into three types: prioritization, simulation and optimization. For 
the purpose of this paper, individual approach refers to a single technique without integrating with another 
technique. 
Prioritization  
The term prioritization refers to the level of importance of the components in tobacco control system. The 
importance of prioritization is it will assist policy makers to make informed decisions. This is because the most 
important components are identified and this will help policy makers to decide which components should be 
focused. In recent years, increasing efforts have been made to explore the associated factors of smoking, such as 
initiation factors and cessation factors. It is important to understand the associated factors and its level of 
importance. Some of the studies based on associated factors have been discussed in literature [2], [9], [10], [11], 
[12] based on the statistical approach such as logistic regression model, Cox regression and non-linear factor, 
structural equation modelling and cross-sectional analysis. These methods are widely used for exploring 
associated factors due to their simplicity and easy understanding. Furthermore, these methods are precise and less 
time consuming, but the findings may not reflect the real situation. Significant factors are identified, and the less 
significant factors are neglected. Hence, the effects cannot be justified. The less significant factors should not be 
omitted since these factors still have an influence in the system as a whole.  
To date, only one study in tobacco field has explored the associated factors and prioritized the factors using 
the analytic hierarchy process (AHP) [13]. The AHP is one of the techniques in multi-criteria decision making 
(MCDM) technique used to prioritize criteria. The example of MCDM such as analytic network process (ANP), 
analytic hierarchy process (AHP) and potentially all pairwise rankings of all possible alternatives (PAPRIKA) are 
widely used around the globe in a full mixture of decision situations with attempts to determine the degree of 
importance of each factor. MCDM is widely used due to its systematic decision making in analysing the criteria 
in highly complex problem [14]. All the prioritization-based tobacco studies discussed above are summarized in 
Table 1 as follows: 
 
TABLE 1. Summary of prioritization-based tobacco studies  
 
Year Author(s) Objectives Data Analysis Technique 
2012 Cheah and Naidu  
 
Explore the associated 






Statistical analysis 2012 Chun and Chung Cox regression analysis 
2013 Smith et al Nonlinear factor 
modelling 
2014 Lim et al Cross-sectional analysis 
2014 Park et al Structural equation modelling 
1998 Matsuda  Analytic hierarchy process 
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Simulation  
Simulation modelling is a suitable approach to represent the problem under study due to its ability to deal with 
variability and graphical interfaces to facilitate understanding [15]. Simulation is deemed suitable to capture the 
holistic view of the complexity occurs in any complex or large system. These features have made simulation a 
choice among researchers in modelling health systems which may involve complex processes and interrelated 
variables [15].  
Two simulation techniques that have been widely used in healthcare domain are discrete event simulation 
(DES) and system dynamics (SD) [15]. DES deals with operational activities and the process of modelling a 
system focuses on the network at discrete points of time. The example of DES research has been studied by [16] 
which the researcher proposed a framework for evaluating  the potential health and economic impacts of smoking 
cessation interventions. Meanwhile, the study by [17] focused on simulating the DES model to investigate the 
outcome of a single smoking cessation which is varenicline medication. Similar to the study by [16],  the objects 
in the simulated model is distinct  in individuals. On the other hand, SD is used in order to gain insights about the 
interrelations between the different parts of a complex system as a whole. SD model a system as a series of stocks 
and flows that changed continuously. The SD modelling involves five basic steps which are problem 
identification, development of dynamic hypotheses, development of stock and flow model, model testing and 









FIGURE 1. System dynamics modelling process 
 
Based on the literature search, there are seven SD researchers have been found in the literature on various 
tobacco issues to date. The study initiated in 1979 mentions the complex interactions within eleven sectors that 
affect the initiation and quitting of smoking among adults [19]. Furthermore, [20] and [21] used the same idea as 
[19] but divides the model into different sectors to highlight the complex interaction of these sectors in a single 
model. Specifically, [20] divides the model into seven sectors namely smokers population, social norm influence, 
tobacco growers, awareness of tobacco health risk, anti-tobacco constituencies, pro-tobacco constituencies and 
willingness to legislate tobacco control. However, [21] developed four main sectors in a single model namely 
population, smoking prevalence, tobacco-related and second-hand smoke model to provide insights of tobacco 
control system in New Zealand. The tobacco studies were further explored by [22] with aim to simulate the 
dynamics consequences of tobacco control system. The work by [22] was interesting as the model considered 
different policies in 33 countries. The model includes policy changes, cigarette use and smoking-related deaths in 
their model. Along similar topics, [23] developed the model to evaluate the cost-effectiveness of raising the legal 
smoking age to 21. Costs and benefits were estimated from a societal perspective that simulates changes in age 
and smoking behavior over time. Comparisons of all seven SD studies were reviewed, [23] considers  more on 
medical cost which highlights more on the measurement of health gains by calculating quality-adjusted life years 
(QALYS) as the outcome.  On the other hand, [24] explored the potential impacts of various interventions 
strategies for reducing the country’s cardiovascular burden. The model incorporates the risk factors over time on 








Development of stock and flow model 
Step 2 
Development of dynamic hypotheses 
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medical pratitioners in choosing effective programs for cardiovascular diseases prevention and treatment to 
community. Finally, the seventh model by [25] proposes a new paradigm by introducing loosing awareness loop 
to the existing tobacco model. Attempts were to model the societal lifecycle of smoking using a parsimonious set 
of feedback loops to capture historical trends and explore future scenarios. All the SD-based tobacco studies 
discussed above are summarized in Table 2 as follows: 
TABLE 2. Summary of SD-based tobacco studies 
 
Year Author(s) Model Name Location Description 
1979 Roberts et al. MIT Model United States The model studies  the complex 
interactions of various factors 
which affects the initiation and 
cessation of smoking. 
2005 Ahmad et al. Tobacco Policy Model (TPM) United States Evaluates the cost-effectiveness 
of raising the legal smoking age. 
2007 Richardson Initiative on the Study and 
Implementation of System (ISIS) 
United States Develops a model by considering 
seven interrelated sections in 
tobacco control system.  
2007 Cavana and 
Tobias 
New Zealand Tobacco Control 
Model 
New Zealand Evaluates the dynamic 
consequences of raising the taxes 
and harm minimization. . 
2010 Hirsch et al. Preventive Impacts Simulation 
Model (PRISM) 
United States Evaluates the impact of various 
interventions strategies for 
reducing cardiovascular diseases 
burden related to tobacco. 
2011 Levy et al. SimSmoke 33 countries Evaluates the effectiveness of 
various tobacco control policies. 
The model includes the effects of 
price increases through cigarette 
tax increases, smokefree indoor 
air laws and mass 
media/educational policies. 
2011 Zagonel et al. Societal Lifecycle of Cigarette 
Smoking 
United States The model studies  the societal 
lifecycle of smoking and expand 
the time horizon to capture the 
historical trends of smoking 
prevalence by anticipating the 
tipping points.  
 
Optimization Study 
The term optimization is defined as the process of making specific objectives fully functional or effective as 
possible. Optimization approaches are used to maximize or minimize objectives provided with some constraints 
via mathematical procedures [26]. There are various types of optimization methods. For example, [27] used 
multiphase optimization strategy (MOST) to evaluate effectiveness of tobacco control policies. The concept of 
MOST was rooted in engineering. Based on ideas drawn from engineering, MOST is a framework for optimizing 
and evaluating behavioural interventions. The drawbacks of this method is time limitations since a full cycle of 
MOST can be completed within a 5-year duration [27]. In addition, [28] proposed route optimization in tobacco 
delivery system. By using assignment problems, the optimal route has been successfully determined. All the 
optimization-based tobacco studies discussed above are summarized in Table 3 as follows: 
  
TABLE 3. Summary of optimization-based tobacco studies 
 
Year Author(s) Objectives Data Analysis Technique 
2009 Yang et al To optimize the route for tobacco 
delivery system 
Multiphase optimization strategy 
2011 Collins et al To optimize the strategy for 
measuring effectiveness of 
tobacco use interventions 
Assignment problem 
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Integrated Approaches 
To the best of our knowledge, there is no literature found using integrated approaches to solve tobacco issues. 
However, there are researches that employ integrated approaches to solve problems. The justifications of 
employing integrated approaches in a single study lies on two reasons either enhancing the method or introducing 
new ideas to the body of knowledge [29].  
System Dynamics and Analytic Hierarchy Process 
Based on literature search, there are limited studies combining AHP and SD. Among the example of research 
using AHP was applied in pandemic influenza [30], job performance measurement [31] and agriculture [32]. In 
their study, AHP acts as the value-added to the SD models. After simulating the problem, AHP is used to prioritize 
the strategies related to their problem. The sole use of AHP falls short in prioritizing the key factors into simulation 
model. All the system dynamics and analytic hierarchy process studies discussed above are summarized in Table 
4 as follows: 
 
TABLE 4. Summary of system dynamics and analytic hierarchy process studies  
 
Year Author(s) Objectives 
2006 Santos et al To measure job performance to improve organizational management.  
2013 Araz et al To evaluate public health strategies in pandemic influenza. The model 
simulates disease spread with selected intervention strategies. 
2015 Xi xi et al To develop decision support tool for sustainable water resource 
management. 
System Dynamics and Linear Programming 
Limited study was found in the literature that integrates SD and linear programming (LP) especially on tobacco 
issues. Based on literature search, only two studies have been found which combines SD and linear programming 
(LP). For instance, studies by [33] and [34] combined SD and LP to obtain an optimal values after simulating the 
SD model. The study by [33] aims to model the current behaviour of distribution system in investment and to 
optimize the regional social welfare expenditure subjected to some constraints. Furthermore, [34] uses the same 
idea as [33] but is applied in the agricultural field. However, [34] aimed to model the dynamic simulation of mixed 
agriculture and obtain the optimal mix of crops and livestock that satisfies certain restrictions. All the system 
dynamics and linear programming studies discussed above are summarized in Table 5 as follows: 
 
TABLE 5. Summary of system dynamics and linear programming studies 
 
Year Author(s) Objectives 
1986 Toval et al To optimize regional social welfare in measuring job performance. 
1999 Martinez To optimize mix crops and livestock in agriculture. 
 
PROPOSED FRAMEWORK  
Based on the previous discussion, SD is deemed suitable to tackle the complex issues holistically and 
dynamically [15]. Therefore, this study proposes SD to simulate the dynamic behaviour of tobacco control system 
and articulates how the behaviour will affect the outcomes of tobacco control strategies. SD is able to deal with 
interrelated components in tobacco control system. Another advantage of SD is the ability to deal with nonlinear 
behaviour of complex system over time. However, SD is not capable to prioritize factors used in the model. This 
study integrates SD with suitable multi-criteria decision making (MCDM) techniques. On the other hand, several 
SD software packages offers optimization for users to find the optimality of the simulated model. However, [35] 
points that the existing optimization embedded in SD software packages are already obselete and no derivatives 
taken.  Therefore, this study includes optimization in order to obtain an optimal value of smoking prevalence. As 
discussed in previous section, a study by [33] and [34] employed LP to optimize. In this study, we propose 
nonlinear programming (NLP) since the nature of this problem is nonlinear. Therefore, in this study, we propose 
integrated approaches that are manageable to be handled. The essence of this framework is the development of 
SD model to analyse the causal and feedback relationships of the variables in the tobacco control system.   
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There are five main stages in this framework including key components prioritization, dynamic hypothesis 
development, stock and flow development, model testing and policy design and evaluation. MCDM is expected 
to prioritize the key factors to be used in the simulation model. This study recommends the best tobacco control 
policies using optimization approach to optimize the smoking prevalence rate. This framework provides a useful 
guideline for modelling the interaction between smoking behaviour and its impact, tobacco control policies and 
the effectiveness of each implemented strategy. It can be used as a framework for other complex issues in 




















FIGURE 2. Proposed of modelling framework for reducing smoking prevalence 
CONCLUSION AND FUTURE WORKS 
This paper describes the preliminary stage of our ongoing research work. There is no doubt that tobacco use 
is one of the public health issues as it can cause numerous chronic diseases including premature deaths. Therefore, 
demands on the comprehensive understanding of causal relationship of its main components to assess the effective 
policies to reduce smoking prevalence is needed. Our next step is to find suitable techniques of MCDM and NLP 
to be applied and to test this framework vis-a-vis real data. This framework will be tested in Malaysia case study. 
It is expected that this framework is able to fulfil some of the important issues highlighted.    
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